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ELECTRONICS WITH MULTIPLE CHARGE RATE 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 
60/816,977, filed on June 28, 2006. The entire teachings of which are incorporated 
5 herein by reference. 

BACKGROUND OF THE INVENTION 

The portable power industry has traditionally been using charge rates 
between 0.7C and 1C when charging electronic devices, which is the rate used for 
laptop computers. This current allows the notebook computer's battery pack to be 

10 charged at currents that are 70% to 100% of the value of rated capacity of the cells. 
For example, in a battery pack containing 18650 cells, rated at 2.2 Ah, in a 2p3s 
configuration (two cells in parallel, three cells in series), a charging current of 1C 
would be equivalent to a charging current of 4.4A for the pack. This charging 
current is allowed until a maximum voltage (V max ) is reached, which is typically set 

15 at about 4.2V. Once V ma x has been reached, the current is lowered by control 

circuitry to disallow, in this example, any of the three blocks of two parallel cells to 
reach voltage levels higher than 4.2V. In addition to the current being limited, the 
charging rate is even slower once V max has been reached. Electronic circuits 
managing this type of functionality are known in the art and have been implemented 

20 in battery packs for notebook computers. For a notebook computer, typical charging 
times are of several hours to reach a fully charged battery. 
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Safety and battery life are the main problems with providing faster charging. 
Practically, for lithium ion (Li-ion) batteries during fast charging, batteries may 
locally display overcharging, which may deposit lithium onto the carbon anode. This 
lithium deposit lowers safety of the battery, which may more easily go into thermal 
5 runaway, increase its internal gas pressure, and eventually explode. Another problem 
with fast charging is the rapid change of electrode dimensions, such as thickness 
variation. Mechanical degradation of the electrode structure is faster during this 
relatively fast charge than what would be the case for slower charging. These 
limiting features concern all Li-ion batteries, more or less, depending on battery 

10 design. Batteries may be designed to take charge faster by limiting impact of 
detrimental aspects, such as safety and battery life. 

However, for batteries having multiple cells in parallel, a particular concern 
arises when trying to quickly charge battery packs. This concern has to do with the 
imbalance of cells in parallel. Impedance and capacity degradation is different 

15 between cells due to differences between cells during manufacturing and 
environmental exposure after manufacturing (i.e., temperature, vibration, 
mechanical shock, etc.). This means that two cells, having initially similar 
conditions in terms of (i.e., capacity and impedance), will display different 
performance after a few months of use. Each block of parallel cells will be limited 

20 by the weakest cell, having lowest capacitance and/or highest impedance, as this is 
the cell that will reach V max earlier than the cell having better characteristics. As 
cycling progresses, the weakest cell will degrade even quicker, as it will always be 
the cell that experiences the most extreme conditions. Safety is also a concern as 
performance is decreased. The cell having the lowest performance will normally be 

25 the cell having the highest chance of being overcharged, thereby being a safety 
concern. 

SUMMARY OF THE INVENTION 

The summary that follows details some of the embodiments included in this 
disclosure. The information is proffered to provide a fundamental level of. 
30 comprehension of aspects of the present invention. The details are general in nature 
and are not proposed to offer paramount aspects of the embodiment. The only 
intention of the information detailed below is to give simplified examples of the 
disclosure and to introduce the more detailed description. One skilled in the art 
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would understand that there are other embodiments, modifications, variations, and 
the like included within the scope of the claims and description. 

An embodiment of the disclosure includes an apparatus for and a 
corresponding method of charging a charge storage power supply in an electronic 
5 device. In one embodiment, an electronic device with multiple charge rates 
comprises the following: a device housing, a charge storage power supply, 
electronics in the device housing, a charging circuit, and a manually actuated mode 
switch. The aforementioned charge storage power supply may be coupled to the 
device housing. Additionally, the apparatus and method may allow the electronics 

10 in the device housing to be powered by said charge storage power supply. The 

previously mentioned charging circuit may have plural modes of operation to charge 
the charge storage power supply from an external power source at different charging 
rates, for example, fast or slow mode charging. The apparatus and method may also 
allow the manually actuated mode switch to change the charging rate of the charging 

15 circuit. 

The apparatus for and method of charging a charge storage power supply in 
an electronic device may also include a single storage cell that serves as the charge 
storage power supply. The charge storage supply may be comprised of multiple 
cells, preferably in series with no cells in parallel. The mode switch may be located 

20 on the battery pack housing of the charge storage power supply. The mode switch 
may also be implemented in software. The charging circuit may be located in a 
battery pack housing, which houses the charge storage power supply. 

Another embodiment of the disclosure may include an apparatus for a battery 
pack with multiple charge rates comprising the following: a battery pack housing; a 

25 charge storage power supply within the battery pack housing; a charging circuit 
within the battery pack housing having plural modes of operation to charge the 
charge storage power supply from an external power source at different charging 
rates; and a manually actuated mode switch to change charging rate of the charging 
circuit. The charge storage power supply may include a single storage cell or 

30 multiple cells in series with no cells in parallel. 

The apparatus for a battery pack with multiple charge rates may also include 
normal charge rate and plural fast charge rates. The mode switch may be on the 
battery pack housing. The battery pack may be coupled to an electronic device, 
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which may be a notebook computer. The mode switch of battery pack coupled to an 
electronic device may be implemented in software on the electronic device. 

Unlike battery chargers used in connection with commercial devices, such as 
power tools, embodiments of the present invention allow for fast charging of a 
5 charge storage power supply that may be coupled to the housing of an electronic 
device or within the battery pack housing. Additionally, in accordance with the 
disclosure, an electronic device may be used to more effectively implement a fast 
charge mode in existing chipsets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other objects, features and advantages of the disclosure 

will be apparent from the following more particular description of preferred 
embodiments of the disclosure, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts throughout the different 
views. The drawings are not necessarily to scale, emphasis instead being placed 
15 upon illustrating the principles of the invention. 

Fig. 1 shows a functional block diagram of the electronic circuitry upon 
which the present embodiment may be implemented. 

Fig. 2 illustrates a process flow diagram of an exemplary fast charge process. 

Fig. 3 A illustrates a fast charge button and display on a battery pack upon 
20 which the state-of-charge of a battery pack may also be shown. 

Fig. 3B provides a close-up view of the aforementioned fast charge button 
and display on the battery pack of a portable device. 

Fig. 4A illustrates a notebook computer with a "FAST CHARGE'* button 
located on the keyboard. 
25 Fig. 4B shows a close-up view of the "FAST CHARGE" button located on a 

notebook computer keyboard. 

Fig. 4C shows an exemplary user interface display window that may appear 
to present a user with the option to initiate software that will perform the "fast 
charge" option of the portable device battery pack. 



30 



DETAILED DESCRIPTION OF THE INVENTION 

A description of example embodiments of the invention follows. 
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Fig. 1 illustrates a functional block diagram of the electronic circuitry 100 in 
a battery pack as used in current practice upon which the present embodiment may 
be implemented. In Fig. 1, a multiple cell battery 101 may be connected to an 
independent overvoltage protection integrated circuit (OVP) 102, an Analog Front 
5 End protection integrated circuit (AFE) 104, and a battery monitor integrated circuit 
microcontroller (microcontroller) 106. One with skill in the art will understand that 
the present invention is not limited to the aforementioned electronic circuitry of the 
schematic illustrated in Fig. 1 . 

The OVP 102 may allow for monitoring of each cell of the battery pack by 

10 comparing each value to an internal reference voltage. By doing so, the OVP 102 
may be able to initiate a protection mechanism if cell voltages perform in an 
undesired manner, e.g., voltages exceeding optimal levels. The OVP 102 is 
designed to trigger the non-resetting fuse 1 10 if the preset overvoltage value (i.e., 
4.35 V, 4.40V, 4.45V, and 4.65V) is exceeded for a preset period of time and 

15 provides a third level of safety protection. 

The OVP 102 may monitor each individual cell of the multiple cell battery 
101 across the Cell 4, Cell 3 , Cell 2, and Cell 1 terminals (which are ordered from 
the most positive cell to most negative cell, respectively). The OVP 102 is powered 
by multiple cell battery 101 and may be configured to permit cell control for any 

20 individual cell of the multiple cell battery 101 . 

The AFE 1 04 may be used by the system host controller to monitor battery 
pack conditions, provide charge and discharge control via charge FET 118 and 
discharge FET 116 respectively, and to provide updates of the battery status to the 
system. The AFE 104 communicates with the microcontroller 106 to enhance 

25 efficiency and safeness. The AFE 104 may provide power via the VCC connection 
to the microcontroller 106 using input from a power source (e.g., the multiple cell 
battery 101), which would eliminate the need for peripheral regulation circuitry. 
Both the AFE 104 and the microcontroller 106 may have terminals, which may be 
connected to a series resistor 112 that may allow for monitoring of battery charge 

30 and discharge. Using the CELL terminal, the AFE 104 may output a voltage value 
for an individual cell of the multiple cell battery 101 to the VIN terminal of the 
battery monitor integrated circuit microcontroller 106. The microcontroller 106 
communicates with the AFE 104 via the SCLK (clock) and SDATA (data) 
terminals. 



WO 2008/002607 



PCT/US2007/014905 



-6- 

The microcontroller 106 may be used to monitor the charge and discharge 
for the multiple cell battery 101. The microcontroller 106 may monitor the charge 
and discharge activity using the series resistor 112 placed between the negative cell 
of the multiple cell battery 101 and the negative terminal of the battery pack. The 
5 analog-to-digital converter (ADC) of the microcontroller 106 may be used to 
measure the charge and discharge flow by monitoring the series resistor 112 
terminals. The ADC of the microcontroller 106 may be used to produce control 
signals to initiate optimal or appropriate safety precautions for the multiple cell 
battery 101. If the microcontroller 106 detects abnormal or unsafe conditions it will 

10 disable the battery pack by triggering the non-resetting fuse 110. 

While the ADC of the microcontroller 106 is monitoring the voltage across 
the series resistor 112 terminals, the microcontroller 106 (via its VIN terminal) may 
be able to monitor each cell of the multiple cell battery 101 using the CELL terminal 
of the AFE 104. The ADC may use a counter to permit the integration of signals 

15 received over time. The integrating converter may allow for continuous sampling to 
measure and monitor the battery charge and discharge current by comparing each 
cell of the multiple cell battery 101 to an internal reference voltage. The display 
terminal of the microcontroller 106 may be used to run the LED display 108 of the 
multiple cell battery 101. The display may be initiated by closing a switch 1 14. 

20 The microcontroller 106 may be used to monitor the multiple cell battery 101 

conditions and to report such information to the host system controller across a serial 
communication bus (SMBus). The SMBus communication terminals (SMBC and 
SMBD) may allow a system host controller, SMBus compatible device, or similar 
device (hereinafter called "processor") to communicate with the microcontroller 

25 1 06. A processor may be used to initiate communication with the microcontroller 
1 06 using the SMBC and SMBD pins, which may allow the system to efficiently 
monitor and manage the multiple cell battery 101 . The processor may be the 
microcontroller 106 itself and may contain internal data flash memory, which can be 
programmed to include information, such as capacity, internal reference voltage, or 

30 other similar programmable information. 

The AFE 104 and microcontroller 106 provide the primary and secondary 
means of safety protection in addition to charge and discharge control. Examples of 
current practice primary safety measures include battery cell and pack voltage 
protection, charge and discharge overcurrent protection, short circuit protection, and 
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temperature protection. Examples of currently used secondary safety measures 
include monitoring voltage, battery cell(s), current, and temperature. 

The continuous sampling of the multiple cell battery 101 may allow the 
electronic circuitry to monitor or calculate characteristics of a multiple cell battery 
5 101, such as state-of-charge 9 temperature, charge, or the like. One of the parameters 
that is controlled by the electronic circuitry 1 00 is the allowed charging current 
(ACC). An aspect of the disclosed embodiments is to allow the user of a portable 
device to have the option to control this parameter by selecting a fast or slow 
charging mode. When selecting the mode of charging, the ACC parameter changes 

10 in addition to other parameters necessary to control the charging of the battery 

within safe limits. This allows a battery to be optionally charged faster than what 
would have been traditionally available. The user of the portable device may also 
control the charge mode by allowing the user to adjust the fast charge mode in steps 
(e.g., normal, fast, super fast, ultra fast, etc.) or on a continuous scale (e.g., Ix, 2x, 

1 5 3x, 4x, etc.). A user may prefer to have more control over the fast charge mode 
parameter because such allows the user to balance performance (i.e., battery cycle 
life) against charge tradeoffs. 

The program stored for the battery monitor integrated circuit microcontroller 
106 may be modified to implement the fast charge indications described herein. The 

20 electronic circuit in Fig. 1 could be programmed with parameters suitable for the 
respective battery used in the battery 101 . Each battery manufacturer has unique 
chemistry and interpretation of how the battery may be used in best mode to provide 
long cycle life, high capacity* and high safety. One with skill in the art will 
understand that a microcontroller used in accordance with the present invention is 

25 not limited to the design of Fig. 1 . 

It is preferred, though not required, that the cells in a multiple cell battery 
101 be in series due to different impedances of the cells. Impedance imbalance may 
result from temperature gradients within the pack and manufacturing variability 
from cell to cell. Two cells having different impedances may have approximately 

30 the same capacity when charged slowly. It may be seen that the cell having the 

higher impedance reaches its upper voltage limit (V max ) in a measurement set (e.g., 
4.2V) earlier than the other cell. If these two cells were in parallel in a battery pack, 
the charging current would therefore be limited to one cell's performance, which 
prematurely interrupts the charging for the other cell in parallel. This degrades both 



WO 2008/002607 



PCT/US2007/014905 



-8- 

pack capacity as well as pack charging rate. In order to avoid these detrimental 
effects, it is therefore preferred for the current embodiments to utilize battery packs 
having only one ceil or all cells in series having a fast charge option. Such preferred 
configurations are described in PCT/US2005/047383, and U.S. Provisional 
5 Application No.!s 60/639,275; 60/680,271 ; and 60/699,285; which are hereby 
incorporated by reference in their entireties. A preferred battery is disclosed in a 
U.S. Application for Lithium Battery With External Positive Thermal Coefficient 
Layer, filed June 23, 2006, by Phillip Partin and Vanning Song, incorporated by 
reference in its entirety. 

10 Fig. 2 illustrates a process flow diagram of an exemplary fast charge process 

200 where a user is presented with the option of choosing the normal charge mode 
(Step 202) of the portable device battery pack. If the user opts to use the fast charge 
mode (Step 204), the user can do so via one of three mediums: a switch on the 
portable device (Step 206), a switch on the battery pack (Step 207), or an icon on the 

15 portable device display control panel or menu (Step 208), any one ore more of which 
may be available. From either of the three mediums, the user can initiate the fast 
charge function (Step 210). The initiation of the fast charge function (Step 210) can 
be done either by an alternate firmware setting in the charging battery monitor 
integrated circuit microcontroller 106 (Step 212) or the logic and charging circuits 

20 for fast charging (Step 214). The alternate firmware setting in charging the battery 
monitor integrated circuit microcontroller 106 (Step 212) then uses the logic and 
charging circuits for fast charging (Step 214). After using the logic and charging 
circuits for fast charging (Step 214), the process will display the charge status to the 
user (Step 216), which can occur in one of the following mediums: an icon on the 

25 portable device control panel or menu (Step 218), an indicator on the portable device 
(i.e., LED display 108) (Step 220), or an indicator on the portable device battery 
pack (Step 222). After using either of the three mediums to display the charge status 
to the user (Step 216), the fast charge process 200 is complete (Step 224). After the 
fast charge process 200 is completed (Step 224), the portable device battery pack 

30 may return to normal charge mode (Step 202). 

Fig. 3A illustrates a fast charge button 300 on a battery pack upon which the 
fast charge status of a battery pack may also be displayed. This button 300, when 
pushed, closes switch 1 14 (see Fig. 1) and triggers the activation of fast charging, 
which allows the battery to be charged quicker than would normally be allowed. 
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S elect numbers of presses of the button may distinguish different functions 
controlled through switch 114. The fast charge button 300 could also be 
implemented through software allowing, for example, the use of a mouse click (see 
Fig. 4C). The fast charge status of the portable device battery pack may be 
5 displayed using a display of light-emitting diodes (LEDs) 202. Fig. 3B provides a 
close-up view of the aforementioned fast charge button 300 and LED display 302 on 
a portable device battery pack in accordance with the disclosure. 

Fig. 4A illustrates a model laptop have a "FAST CHARGE" button located 
on the keyboard. Fig. 4B shows a close-up view of the "FAST CHARGE" button 

10 located on the model laptop keyboard. Fig. 4C shows an exemplary pop-up window 
that may appear to present a user with the option of initiating software that will 
perform the "fast charge" option of the battery. Upon pressing the "FAST 
CHARGE" button located on the laptop keyboard or through a menu operation of 
the laptop, the user may be presented with the option of charging the portable device 

15 battery pack via standard mode or the fast charge mode. The display could show 
the approximate times either mode may take. One with skill in the art will 
understand that the aforementioned statements are only meant to be exemplary in 
nature and not to limit the scope of the present invention. 

The function button brings awareness to electronic device users of the 

20 availability of the option of fast charge — compared to the regular charge cycle 

offered. This button may sit on the face, side or bottom of the laptop device to allow 
the user to select fast charge. The first step in the process of using the function 
button is to select the fast charge protocol for a battery pack. Next, the user should 
select an "activation mode" of circuitry that activates parameters in the electronic 

25 circuit having settings suitable for fast charging. The function button may be 
positioned directly on said battery pack, on the device, in the software, or any 
combination thereof. 

The function button may be implemented with multiple portable power type 
devices, such as laptop computer, cell phone, DVD player, or camcorder. The 

30 purpose of the function button is to allow the user to "fast charge" to a charge that is 
less than 100% in reduced time. The function button may also be connected to a 
display that displays parametric values, such as percentage (%) of State of Charge 
(SOC), time to 100% SOC, estimated charge to partial % SOC, and other parameters 
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related to the user's ability to judge when it is appropriate to prematurely (meaning 
before 1 00% SOC) interrupt charging sequence. 

The term "switch" includes buttons, physical and display based switches, and 
can be in the form of knobs, toggles, and the like. 
5 While this disclosure has been particularly shown and described with 

references to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the scope of the embodiment encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . An electronic device comprising: 

a device housing; 

5 a charge storage power supply coupled to the device housing; 

electronics in the device housing powered by the charge storage 
power supply; 

a charging circuit having plural modes of operation to charge the 
charge storage power supply from an external power source at different 
1 0 charging rates; and 

a manually actuated mode switch to change charging rate of the 
charging circuit. 

2. The electronic device as claimed in claim 1, wherein the charge storage 
power supply is a single storage cell. 

15 3. The electronic device as claimed in claim 1, wherein the charge storage 
power supply comprises multiple cells in series with no cells in parallel. 

4. The electronic device as claimed in claim 1, wherein the modes of operation 
to charge the storage power supply includes normal charge rate and plural 
fast charge rates. 

20 5. The electronic device as claimed in claim 1, wherein the mode switch is on a 
battery pack housing of the charge storage power supply. 

6. The electronic device as claimed in claim 1, wherein the mode switch is 
implemented in software. 

7. The electronic device as claimed in claim 1 , wherein the charging circuit is 
25 in a battery pack housing that houses the charge storage power supply. 

8. The electronic device as claimed in claim 1, wherein electronics of the 
electronic device form a computer. 



9. 



A battery pack comprising: 



WO 2008/002607 



PCT/US2007/014905 



-12- 

a battery pack housing; 

a charge storage power supply within, the battery pack housing; 

a charging circuit within the battery pack housing having plural 
modes of operation to charge the charge storage power supply from an 
5 external power source at different charging rates; and 

a manually actuated mode switch to change charging rate of the 
charging circuit. 

10. The battery pack as claimed in claim 9, wherein the charge storage power 
supply is a single storage cell. 

10 11. The battery pack as claimed in claim 9, wherein the charge storage power 
supply comprises multiple cells in series with no cells in parallel. 

12. The battery pack as claimed in claim 9, wherein the modes of operation to 
charge the storage power supply includes normal charge rate and plural fast 
charge rates. 

15 13. The battery pack as claimed in claim 9, wherein the mode switch is on the 
battery pack housing. 

14. The battery pack as claimed in claim 9, wherein the battery pack is coupled 
to an electronic device. 

15. The battery pack as claimed in claim 14, wherein the electronic device is a 
20 computer. 

16. The battery pack as claimed in claim 14, wherein the mode switch is 
implemented in software on the electronic device. 

17. A method of charging a charge storage power supply in an electronic device, 
the method comprising: 

25 powering electronics in the electronic device by the charge storage 

power supply; 

using a manually actuated mode switch, changing a charging rate of a 
charging circuit; and 
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charging the charge storage power supply coupled to the electronic 
device from an external power source at the charging rate. 

18. The method as claimed in claim 17, wherein charging the charge storage 
supply includes charging a single storage cell. 

5 19. The method as claimed in claim 17, wherein charging the charge storage 
supply includes charging multiple cells in series with no cells in parallel. 

20. The method as claimed in claim 1 7, wherein changing a rate of charging a 
charging circuit having plural modes of operation includes normal charge 
rate and plural fast charge rates. 

10 21. The method as claimed in claim 17, further including implementing the 
mode switch using a switch on the electronic device. 

22. The method as claimed in claim 17, further including implementing the 
mode switch using software on the electronic device. 

23. The method as claimed in claim 1 7, further including housing the charging 
1 5 circuit in a battery pack that houses the charge storage power supply. 



24. 



The method as claimed in claim 17, wherein the electronic device includes 
electronics forming a computer. 
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